Introduction
Iran, as the world's fourth largest oil producer and the owner of the second largest gas reserves, gains 80% of its export revenues by selling these resources. On one hand, new circumstances in the world such as emerging interest in the use of renewable energy, falling oil prices, increased technical capacity, policies to prevent environmental pollution, global warming, as well as Iran's scientific and political situation in the world, have affected the profitable industry of petrochemical products. Thus, petroleum and petrochemical industries appear to be the most important industries in Iran, while the petrochemical industry is ranked as the first in terms of economy (Saket 2016) .
Currently, Iran has 55 petrochemical complexes that the most important ones are located in big cities (National Petrochemical Company 2016) . With regard to the issues cited, the petrochemical industries in this developing country have progressed substantially.
The impacts of petrochemical industry on the region and the world, including producing waste, wastewater and gaseous effluent can be deleterious for the surface water, groundwater, soil, biodiversity, human and the buildings. Due to contamination of the underground and surface Simion et al. 2013) . There are many different methods to assess the impacts of development on the environment. To select a suitable method, we need to consider some elements such as the method properties, environmental properties and project nature (Duarte et al. 2007; Rodrigues et al. 2003; Wang et al. 2006; Abromas et al. 2015) . The most important factor to develop EIA is encouraging the decision-makers to pay attention to the environment to do some environmental friendly activities (Hosseini et al. 2012; Achilas et al. 2011; Huang et al. 2010) .
In previous studies, various methods have been implemented for environmental impact assessment projects such as rapid impact assessment, life cycle assessment, uncertainty methods, Degradation Model, Analytical Hierarchy Process (AHP) and ELECTRE.
In this research, the concept of Shannon's entropy with an important role in information theory was applied to measure the degree of randomness (Lotfi, Fallahnejad 2010) .
For rapid impact assessment matrix, Pastakia and Jensen (1998) found that the mentioned matrix visualizes the results and is capable of easily testing different options; thus, this method is a powerful tool for EIA. They declared that the method provides a transparent, clear and permanent record of judgment as well. Gilbuena et al. (2013) Kaya and Kahraman (2011) used integrated fuzzy AHP-ELECTRE. They found that the sensitivity trait and enough details make it an appropriate method for EIA. Khodabakhshi and Jafari (2010) used ELECTRE for EIA process. Some researchers applied REGIME method, Overlay method and Matrix method, respectively (Papadopoulou, Antoniou 2014; Sharafi et al. 2008) . In recent years, PROMETHEE (Preference Ranking Organization Method for Enrichment Evaluations) has been regarded as one of the most efficient multi-criteria decision-making methods (Kaya, Kahraman 2011; Cloquell-Ballester et al. 2007; Kiker et al. 2005; Latawiec et al. 2017; Amaral, Coasta 2014) . The PROMETHEE method was presented by Brans and Mareschal in 1994 to handle qualitative and discrete alternatives (Corrente et al. 2014) . This method is a preferred organizational method, which is applied to rank the alternatives based on pair-wise comparisons and is capable of ranking the proposed alternatives in decision-making problems (Behzadian et al. 2010) . In 1999, Al-Rashdan et al. used the PROMETHEE to carry out the environmental impact assessment and to rank water resources in Jordan as an environmental subject. In the mentioned research, they expressed that the proposed methodology is a suitable one for the process of environmental decision-making and selecting or ranking of environmental projects. Kabir and Sumi (2014) successfully employed this method in case of other environmental issues. In the present study, the PROMETEE was used for environmental impact assessment of petrochemical industry.
Methodology

Characteristics of the study area
Arak Petrochemical Company was selected as the study area. This company is located near the Arak's seventh refinery, on the 22 kmof Arak main road with an altitude of 1888 meters above the sea level. It is located near Arak in Markazi province. Arak is one of the most important metropolises of Iran and also one of the most polluted cities (Norouzi, Shamsipour 2015; Ansari 2015) . As pointed out by Karam et al. (2014) , Arak pollution is more than Tehran on some factors such as Carbon Monoxide (CO). This city is located in a mountainous region and encompasses some environmentally sensitive areas such as Rasvand wildlife refuge and Chalkhatoun hunting prohibited area. The mentioned areas include endangered and vulnerable fauna and flora species (Abdi 2008; Raesi, Bijani 2016; Iran environmental protection agency 2011) . This is one of the major infrastructural projects that have been created at overall development policies of petrochemical industries aimed to supply the domestic needs and export the surplus products. Figure 1 shows the location of study area.
Identification of criteria and activities
In the present study, two constructional and operational phases were considered in Arak petrochemical company. In the first step, all activities in these phases were determined. The activities were selected in a specific workshop based on physical, biological, geographical and environmental conditions of the production and manufacturing process of Arak petrochemical complex. The constructional phase and operational phases included 17 and 8 activities, respectively. The activities in construction phase included Land cleanly shaven (A1); Site preparation and excavation (A2); Road construction and segmentation (A3); Drainage changes (A4); Digging and building (A5), Waste production (A6); Human and industrial wastewater treatment plants (A7) Collection and disposal of waste(A8); Establishment and operation of fuel tanks(A9); Compressor, welder and generator activities (A10); Assembly of equipment and tanks (A11); Camps, buildings and workshops construction (A12); Well platform, water and solid waste pit construction (A13); The construction of oil, gas and water pipelines (A14); Well Drilling (A15); Manpower employment (A16); Land ownership (A17).
The activities in the operational phase were as follows: The operation of the units (A1); Management and collection of waste (A2); food, products and personnel transportation (A3); Waste collection and management (A4); Extraction of groundwater (A5); Hiring employees (A6); Welfare Services (A7); Commissioning of chimneys and burners (A8).
Afterwards, to achieve the desired criteria and investigate the environmental impact of each activity, a smart filter was developed based on the eight most widely used criteria, including Magnitude (C 1 ), Extent (C 2 ), Continuity (C 3 ), Accumulative effect (C 4 ), Reduction strategy (C 5 ), Positive/ Negative (C 6 ), Direct/ Indirect (C 7 ) and Reversibility (C 8 ).
Experts' knowledge in different specific workshops was obtained to weight the activities based on the smart filter. This matrix was developed separately in the constructional and operational phases. For this purpose, at first, a specific workshop was held with attending of 20 petrochemical industries experts to identify the activities. Then, two workshops were organized by attending of 30 experts from the department of environment, department of natural resources and universities professors to evaluate the activities based on different questionnaires.
To import all criteria into the model, in the same scale and quantitatively, each criterion should be placed in the relevant score domain. A questionnaire was designed based on selected activities and criteria on a scale of 1-5 to show the lowest to highest impacts, and the experts' knowledge indifferent fields of Arak petrochemical engineers, environmental Scientists, Arak's Department of Natural Resources and Department of Environment experts were used for scoring various alternatives. The criteria values coordination was controlled by calculating the values of standard deviation obtained from the questionnaires. In fact, this process was done to ensure the coordination of experts' judgments.
Alternatives ranking by using PROMETHEE
To obtain the best preference order, at first, a payoff matrix was needed with the information about the alternatives, criteria, weights, and evaluation of each alternative for each criterion. The PROMETHEE method presents an outranking method for a fixed set of alternatives. The preference function defines the rank of one option with respect to another and translates the deviation between two parallel alternatives into a unique parameter, which is associated with the degree of preference. The degree of preference presents a growing deviation function, whereby, in the case of small deviation, it refers to a weak preference and in the case of large deviation, it represents a strong preference associated with a reference alternative. The PROMETHEE method has at its disposal six possible shapes of preferential functions (Usual, U-shape, V-shape, Level, V-shape with indifferences and Gaussian) as presented in Figure 2 . (Greco et al. 2005) . Every shape depends on two thresholds (Q and P). The indifference threshold (Q) represents the maximum deviation that the decision maker considers unimportant, while the preference threshold (P) represents the minimum deviation, which seems to be decisive for the decision maker, where P is not allowed to be smaller than Q. The Gaussian threshold (S) represents a mean value between the thresholds P and Q (Brans, Mareschal 1994; Benabied et al. 2012; Greco et al. 2005) .
Based on Figure 2 , criteria types and function types are defined as Table 1 . 
The positive preference flow expresses how much an alternative dominates over the others. So, ϕ + (a) states how much the alternative a is superior to other alternatives belonging to the set; therefore, the greater the value, the more significant is the alternative. The negative preference flow expresses the preference of all the other alternatives compared to the analyzed one. Thus, _ ( ) a ϕ demonstrates that how much other outranked characters of set A are superior to a alternative. Therefore, an alternative is more important if the value of the output flow will be smaller. The complete ranking of PROMETHEE is based on the calculation of a net outranking flow value (Φ) that represents the balance between the positive and the negative outranking flows. The higher the net flow is the better the alternative. Accordingly, if the alternative has a greater positive (Φ+) and a lower negative flow (Φ-), then, the net outranking flow (Φ) for this alternative is higher (Eq. (3)). For the investigations presented in this study, this would mean that such an alternative has a larger significance compared to the other (Jafari 2013; Greco et al. 2005) :
In addition, Entropy method was used to calculate the weights employed in PROMETHEE (Asgharpour 2011) . Avoiding the subjective factors, entropy was adapted to calculate the weights. For Entropy, at first, the judgment matrix was normalized using Eq. (4) If the system is in a variety of different states and the probability of each state to appear is p i (i = 1, 2 …m), the entropy of the system can be defined as Eq. (5).
where i p -discrete probability distribution. 
Generalised criterion Definition
Pa rameters to fix The PROMETHEE method is based on determining the positive (Φ+) and the negative flow (Φ _ ) for each alternative towards outranking relations and in correlation with the acquired weight coefficients for each criterion-attribute (Eq. (1) and Eq. (2)). In other words, the PROMETHEE is carried out based on the pair-wise comparison that shows how much each alternative is dominant compared to other alternatives. For alternative a, Generally, k is always a positive constant value, which must provide the condition 0 ≤ E ≤ 1.K and can be calculated as Eq. (6):
where m -number of alternatives. After calculating, the information entropy of indicators is E 1 , E 2 …E n , Then, d j should be calculated by Eq. (7):
where j d -deviation. Calculate the Shannon's entropy weight of evaluation index as Eq. (8):
In this research, to detect which alternative is located in which specific class, the domain, and range of each class were determined using the profile or classes boundaries (Khodabakhshi, Jafari 2010; San Cristobal 2012) . The range of project impacts is divided into five classes, including very high negative impact, main negative impact, medium negative impact, low negative impact and negligible negative impact. Thus, based on Eq. (9), these classes were determined. In this formula, criteria score domain (A) is Maximum criteria Score -Minimum criteria Score:
where A -criteria score domain; n -classes number, Xclasses interval.
Results and discussion
As mentioned in methodology, since there were different criteria with different weights by experts, the geo-mean value was used. The results of the matrix in the two phases are presented in Tables 2, 3 . As indicated, due to the mountainous trait of Arak region and physical characteristics of area's soil and rock, most of the important impacts are related to the constructional phase. Among these factors, negative impacts are more than the positive ones.
Criteria values coordination was controlled by calculating the standard deviation of values obtained from questionnaires. Table 4 shows the results in two phases.
As previously explained, criteria weights have a significant role in determining the positive and negative impacts of projects. Obtained standard deviation data in two constructional and operational phases are less than 1. So, these data are reliable for next stages. Criteria weighting has been done by using Shannon's entropy technique. The result is mentioned in Table 5 . According to the obtained data, the maximum weight in constructional phase belongs to reduction strategy criterion and in operational phase is a positive or negative criterion. The result of weight ranges to determine five classes shown in Constructional phase, A = 0.065 and X = 0.013 in the operational phase, A = 0.311 and X = 0.062. Based on this category, the result is presented in Table 6 . Table 7 .
The results of construction and operational outranking in DECISION LAB software is presented in Figures 3 and 4 .
Based on the above results, final outranking in construction phase is as follows: A17>A1>A9>A4>A3>A2>A14>A15>A13>A11>A5> A8>A7>A6>A12>A10>A16. Therefore, the most significant impacts areas are land ownership, land cleanly shaven, establishment and operation of fuel tanks and drainage changes. Also, final outranking in operational phase is as follows:
Therefore, the most significant impacts include the operation of units and extraction of groundwater.
After gaining the PROMETHEE results, considered impacts were classified based on the degree of importance into A to D. The activities listed in -D and -C classes have negative impacts of the mentioned project. Accordingly, for constructional phase, land ownership (A17), land cleanly shaved (A1), establishment and operation of fuel tanks (A9) and drainage changes (A4) were categorized into-D class. Land ownership is one of the most important environmental issues, including some environmental and social negative impacts. Seize estate can be cited as the most significant social impact of the mentioned factors, and most of the time, it leads to heavy consequences. In many cases, estates seize leads to village destruction. Rural population migrates to other regions, especially to urban areas, and finally change their jobs and livelihoods. Other impacts of land ownership that can be classified as environmental impacts are the destruction of vegetation and land use changes. The parameters stated about A17 are common with land cleanly shaven. Establishment and operation of fuel tanks (A9) will start main changes in the ecosystem. Soil drainage change in farmlands makes some problems such as water logging, salinization, the soil erosion and flooding in the study region.
Road construction and segmentation (A3), site preparation and excavation (A2), the construction of oil, gas and water pipelines (A14) and Well Drilling (A15) are categorized in the C class. Some of the disadvantages of the mentioned impacts can be referred to as erosion, loss of vegetation, dust generation and its environmental, hygienic, social impacts and contamination of ground water. The only positive impact is manpower employment, which can be a potential for education on environmental sensitivity to reduce the negative impacts (Dagiliūtė, Juozapaitienė 2015) .
In the operational phase, after classification of negative impacts, it was found that the operation of the units (A1) and extraction of groundwater (A5) have the most negative impacts (are classified in -D class). A1 causes air, soil and water pollution and can be spread to a large radius as well (especially about air pollution). A5 causes excessive groundwater depletion and other secondary impacts such as land subsidence. It should be noted that the land subsidence due to groundwater depletion in Iran's arid and semi-arid regions has become a very serious problem recently. In addition, reduction of ground water will have a significant impact on agricultural and livelihoods in a rural area. On the other hand, commissioning of chimneys and burners (A8) and food, products and personnel transportation (A3) are the next priorities that are placed in the -C, respectively. Both activities have been causing air pollution and due to the blowing wind in the region, induce wide range impacts as well.
In order to compare present studies results with other traditional methods, research data were placed in Pastakia matrix and the evaluation was implemented with this method. The result of Pastakia matrix in constructional phase has been shown in Table 8 and in operational phase has been presented in Table 9 .
As shown, in about 30% of activities such as A3, A7 and A9 in the constructional phase and A6 in the operational phase, respectively, the results of Pastakia and PROMETHEE are the same. But about 50% of the alternatives such as A1, A2, A8, A11, A14, A15 and A17 in the constructional phase and A1, A2, A3, A4, A5 and A7 alternatives, the results were close to each other. About differences between the two methods, some reasons can be pointed. Most of the time Pastakia matrix is filled by one expert, which can cause errors. In PROMETHEE method, criteria weighting is more accurate and mathematical formula and matrix in the PROMRTHEE matrix are more reliable. As the result, oil and petrochemical industries, due to association with fossil fuel, release huge amounts of pollution into the air, soil, water and other environmental components. The results from this study can be beneficial for environmental protection. This assertion by illustrating PROMRTHEE can be a useful method for resolving qualitative problems such as environmental issues. Therefore, these results can be used in future studies to prevent creating more global and national environmental problems.
Conclusions
This study examined the continued effects of petrochemical development (mostly construction and operation phases) on the environment. Activities with impacts on the environment include impacts on biophysical environments, biodiversity, and other resources were identified using the PROMETHEE technique that sophisticated plans are needed to avoid them. The PROMETHEE technique defined the preference functions and function calculations. The net outranking flows were calculated to determine the relative desirability of each alternative mode in the phases and to rank them as well. The comparison between results of Pastakia matrix and PROMETHEE techniques showed that the proposed method is an efficient technique. It is justified to use this method for determining the impacts of petrochemical project activities. Due to large volumes of quantitative and qualitative data in the environmental impact assessment of petrochemical industry and given the importance of national and international experts' opinions and decision-makers' ideas in this industry, the PROMETHEE properties such as high accuracy, enough details, ease of use, easy mathematical formulas, considering decision-makers and stakeholders opinions and converting qualitative data into quantitative data are some of its advantages for environmental impact assessment of petrochemical industries. Also, the PROMETHEE method doesn't cost much. In addition, this method is not limited to any specific time scale and there is no restriction in the geographical zone as well. One of the most important problems in this study was the lack of data. This deficiency was observed in Arak petrochemical company, libraries, and public relation agencies as well. However, the PROMETHEE can easily resolve this problem. It is a powerful tool for solving problems, including conflicting criteria and in some situations the problems that cannot be easily measured in the numerical terms. According to variable geographic, vegetation and climatic conditions in EIA projects, the PROMETHEE's sensitive analyses and high accuracy, any small changes in criteria weights, appropriate functions, threshold parameters and restriction levels can change the final results. In PROMETHEE, different criteria have different weights. Since, in some EIA methods, all of the criteria have the same weights, this methodology allows the decision-makers to make their decisions individually or in a group simultaneously.
